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the Knox dolomite which is gray heavy-bedded and massive in appear-
. ance, fine-grained and partly crystalline. The vertical extent of the
outcrop is about 87 feet, of which only about 17 feet is suitable for
use in the manufacture of lime. The outcrop along the strike extends
only a short distance, due to the covering of chert. The quarry is on
the east side of the hill about 25 feet above the valley level. The over-
burden at the quarry consists of about 15 feet of chert. |

The rock is quarried and broken into convenient size for handling
by the quarryman. It is then loaded on wheelbarrows and taken to
the kiln. One kiln, built of stone and lined with fire brick, has a height
of 25 feet. Limestone is added at the top and wood is used in separate
fire boxes at the bottom of the kiln. The calcined rock is drawn below
the fire boxes. 'The stone has only been burned for local use.

The following section was made at this Iocality :

Section of Exposure on Paul F. Akin Property

Tl Total
- Sample |* Unit |- Description of Units Thickness | Thickness
No. No. v ‘ feet feet
[ 8 | Unconsclidated soil, chert and cherty
' dolemite. co oo i oz - 15 25
333 2 Cherty dolomite .. .o _________ 5 10
1 Light grayish-blue dolomite..._______.__ 5 5
Bage of stone kiln_ .. _____ . ________ 0 0

The following analysis shows the composition of the lower 17 feet
of the exposure: \
. Analysis of Dolowmite, Paul F. Akin Property
(Sample No. 383 ; Units No. 1, 2 and lower 7 Feet of Unit NQ. 3)

Lime (Ca0) ..ot i e i e e 29.46
Magnesia (MgO) ............ e 18.92-
Ferrie oxide (Fe;O5) .vvvvvininiininnen ... .62
Sulphur trioxide (SO03) ....vvviiiiiiiiiii ., .00
Phosphorus pentoxide (P.O0s) -..vvvvvennnn... e .02
Biliea (8i0,) ..oviiiiii e ., 482
Clay Dases . .ovvviiii i i i e 1.04
CSoda (Na,0) .oevvniiiii 10
Potash (K0) ..ot i i a8
Loss on ignition .................... B 44.84




APPENDIX
SPECIFICATIONS

The following specifications for Portland cement by the U. S.
"~ Government are taken from the advance chapter mineral resources
of the United States Geological Survey, 1911:

Since Jumne, 1911, a committee composed of Government engi-
neers in conference with representative consumers and manufac-
turers and special committees of the national engineering societies,
has been engaged in formulating a single specification for Portland
cement to be used by all departments of the Government. This
committee has had in view the desirability of an agreement between
the specifications in use by the public and those adopted by the
Government. At a departmental conference held February 13,
1912, a set of liberal specifications was unanimously adopted, and
simultaneously with their publication the {following Executive
order was issued:

EXECUTIVE ORDER.

It is hereby ordered that all Portland cement that may hereafter be pur-
chased by any department, bureau, office, or independent establishment of
the Government, or that may be used in construction work commnected with
any of the aforesaid branches of the Government service, shall conform in
every respect to the specification for Portland cement adopted by the depart-
mental conference at the meeting held at the Bureau of Standards on February
13, 1912, and approved by the heads of the several departments (to be known
as the United States Government specification for Portland cement): Provided,
however, that such specification may be modified from time to time by any
similar departmental conference, with the approval of the heads of the several
departments. ’

. Wa. H. Tapr.
Ter WrITE HOUSE, :
April 30, 1912.
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UNITED STATES GOVERNMENT SPECIFICATION FOR PORTLAND
CEMENT!

SPECIFICATION.

Definition~—1. The cement shall be the produet obtained by finely pulverizing

elinker produced by ecaleining to incipient fusion an intimate mixture of
properly proportioned argillaceous and calcareous substances, with only such

additions subsequent to calcining as may be necessary to control certain
properties. Such additions shall not exceed 3 per cent. by weight, of the
caleined produect.

Composition.—2. In the finished cement the following limits shall not be
exceeded:

Per cent.
Loss on ignition for 15 minutes___ 4
Insoluble residue — o ___ 1
 Sulphurie anhydride (8Og) e - 175
Magnesia (MgO) ___. e 4

Speciﬁc gravity~—3. Tle specific gravity of the ecement shall not be less
than 8.10. Should the cement as received fall helow this requirement, a second

test may be made upon a sample heated for 30 minutes at a very dull red heat.

Fineness—4. Ninety-two per cent. of the cement; by weéight, shall pass
through the No. 100 sieve, and 75 per cent. shall pass through the No. 200 sieve.

Soundness.—>5. Paty of neat cemient -prépared and- tregted as hereinafter
prescribed shall remain firm and hard and show no sign of distortion, checking,
eracking, or dlsmtegratmg If the cement fails to meeb the preseribed steamlng
test; the cement may bé regected br the steaminyg test "repeated after seven or
" more days, at the option of the engineer,

Time of setting.—6:. The cement. shall not acquire its initial set in less than
45 minutes and must have acquired its final set within 10 hours.

Tensile strength.—T7. Briquets made of neat cement, after being kept in moist
air for 24 hours and the rest of the time in water, shall develop tensile strength
per square inch ag follows:

Pounds.
After 7 days. e 500 -
After 28 days. . __ — —— 600

8. Briquets.made up of 1 part cement and 3 parts standard Ottawa sand,
by Welght shall develop tensile sfrength per square inch as follows:

Pounds.
After 7 AayS 200
After 28 days 275

9. The average of the tensile strength developed at each age by the briquets
in any set made from one sample is to be considered the strength of the sample
at that age, excluding any results that are manifestly faulty.

v

1United States Government specification for Portland Cement: Cir. Bur.
Standerds No. 83, U. 8. Dept. Com. and L.abor, May 1, 1912,
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10. The average strength of the sand-mortar briquets at 28 days shall show
an increase over the average strength at 7 days.

Brand.—11. Bids for furnishing cement or for doing work in which cement
is to be-used shall state the brand of cement proposed to be furnished and the
mill at which made. The right is reserved fo reject any cement which has not
established itself as a high-grade Portland cewent and has not been made by
the same mill for two years and given satisfaction in use for at least one year
under climatic and other conditions at least equal in severity to those of the
work proposed_. ‘

Packages—12. The cement shall be delivered in sacks, barrels, or other
suitable packages (to be specified by the engineer), and shall be dry and free
from lumps. Each package shall be plainly labeled with the name of the brand
and of the manufacturer.

18. A sack of cement shall contain 94 pounds net. A barrel shall contain
376 pounds net. Any package that is short weight or broken or that contains
damaged cement may be rejected, or accepted as a fractional package, at the
option of the engineer. '

Inspection.—14. The cement shall be tested in accordance with the standard
methods hereinafter preseribed . In general the cement will be inspected and
tested after delivery, but partial or complete inspection at the mill may be
called for in the specifications or contract. Tests may he made to determine
the ehemical composition, specific gravity, fineness, soundness, time of setting,
and tensile strength, and a cement may be rejected in ease it fails to meet any
of the specified requirements. An agent of the contractor may be present at
the making of the tests or they may be repeated in his presence.

15. In case of failure of any of the tests, and if the contractor so desires,
the engineer may, if he deem it to the interest of the United States, have any

or all of the tests made or repeated by the Bureaun of Standards, United States
Department of Commerce and Labor, in the manner hereihafter specified; all
expenses of such tests to be paid by the contractor. All such tests shall be
made on samples furnished by the engineer.

After these articles of specification the subject is continued in
detail in the Bureau of Standards circular under the heads. “Stand-
ard methods of testing,” “Methods of chemical analysis.” “Inter-
pretation of results,” and “Auxiliary specifications,” the last being
mainly Bureau of Standards specifications for certain apparatus to
be used in making tests. Under “Interpretation of results” a num-
ber of points are discussed that are of great importance in connec-
tion with the specifications quoted above.

INTERPRETATION OF RESULTS:!
CHEMICAL.

The composition of normal Poriland cement has been the subject of a great
deal of investigation, and it can be said that the quantities of silica, alumina,

1Cire. Bur. Standards Wo. 33, U. S. Dept. Commerce and Labor, May 1, 1912.
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oxide of irom, lime, magnesia, and sulphuric anhydride can vary within fairly
wide limits without materially affecting the quality of the material.
A normal American Portland cement which meets the standard specifications

for soundness, setting time, and tensile strength has an approximate composition
_ within the following limits:

Per cent.
Silica (8i0,)- e L 19-25
Alumina (ALOg) . S 5-9
Iron oxide (F'€yO0%g) e 24
Lime (CaO) 60-64
Magnesia (MgO) oo o e 14
Sulphur trioxide (80s) woo oo 1-1.75
~ Loss on ignition_._____ S, 0.5-3.00
Insoluble residue _- & 0.1-1.00

It is also true that a number of cements have been made both here and
abroad which have passed. all standard physical tests in which these limits have
been exceeded in one or more particulars, and it is equally true that a sound
and satisfactory cement does not necessarily result from the ‘above composition.

It is probable that further investigation will give a clearer understanding of
the constitution of Portland cement, but at present chemical analysis furnishes
but little indieation of the quality of the material.

Defective cement usually results from imperfect mahufacture, not from
faulty composition. Cement made from very finely ground material, thoroughly
mixed and properly burned; may be perfectly sound when containing more than
the usual quantity of lime, while a cement low in lime may be enfirely unsound
due to careléss manufacture. o -

Tle analysis of a cement will show the uniformity in composition of the
product from individual mills, but will furnish little or no indication of the
quality. of the material. Oteasional analysis-should, Lowever, be made for
record and to determine the quantity of sulphurie anhydride and magnesia
present. ,

The ground eclinker as it comes from the mill is usually quick setting which
requires correction. This is usually accomplished by the addition of a small
quantity of more or less hydrated caleium sulphate, either gypsum or plaster
of Paris. Experience and practice have shown that an addition of 3 per cent.
or less is sufficient for the purpose. _

* Three per cent. of calecium sulphate (CaSO,) contains about 1.75 per cent.
sulphuric anhydride (80;), and as this has been considered the maximum’
quantity necessary to control time of set, the specification limits the 8O, content
to 1.75 per cent. _ !

The specification prohibits the addition of any material subsequent to calei-
nation except the 3 per cent. of calciumn sulphate permitted to regulate time
of set. Other additions may be difficult or impossible to detect even by a
careful mill inspeection .during the process of manufacture, but as the normal
adulterant would be ground raw material, an excess of ‘‘insoluble residue’’
would reveal the addition of siliceous material, and an excess in ‘‘loss om
ignition’’ would point to the addition of ealeareous material when either is
added in sufficient quantity to make the adulteration prcfitable.
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&

The effect of relatively small quantities of magnesia (MgO) in normal Fort- -
land cement, while still under investigation, can be considered harmless. Earlier
investigators believed that as magnesia had a slower rate of hydration than
lime, the hydration of any free magnesia (MgO) present would occur after the

cement had set and cause disintegration.
The effect of magnesia was considered especially injurious when the cement

was exposed to the action of sea water. More recent investigation has shown
that cement can be made which is perfeetly sound under all conditions when
containing 5 per cent. of magnesia and it has also been found that the lime
in Portland cement exposed to sea water is replaced by magnesia.

The maximum limit for magnesia has been set at 4 per cent., as it has been
established that this quantity is not injurious and it is high enough to permit
the use of large quantities of raw material available in most sections of the
country.

’ PHYSICAL, ,

Specific gravity—The specific gravity is obtained from the formula:
Weight of cement in grams.

Specifie gravity—— - - -
Displaced volume in cubic centimeters.

The specific gravity of a Portland cement is not an indication of its cement-
ing value. It will vary with the constituents of the cement, especially with
the content of iron oxide. Thus the white or very light Portland cements,
containing only a fraction of a per cent. of iron oxide, nsually have a com-
paratively low specifie gravity ranging from 3.05 to 35.15, while a cement
containing 3 to 4 per cent. or more of iron oxide may have a specific gravity
of 3.20 or even higher. If is materially affected by the temperature and
duration of burning the cement, the hard-Burned cemeur having the higher
specific gravity. A comparatively low specific gravity does not necessarily
indicate that a cement is underburned or adulterated, as large percentages of
raw materials could be added to a cement with a normally high specific gravity
before the gravity would be reduced below 3.10.

If a Portland cement fresh from the mill normally has a comparatively low
specific gravity, upon aging it may absorb sufficient moisture and earbon dioxide
to reduce the gravity below 3.10. It has been found that this does not appreci-
ably affect the .cementing value of the material; in fact, many cements are
unsound until they have been aged. Thus a redetermination is permitted upon
a sample heated to a temperature sufficient to drive off any moisture which
might be absorbed by the cement subsequent to manufaciuring, but would not
drive off any carbon dioxide mor correct underburniﬁg in the process of manu-
facturing the cement.

The value of the specific gravity determination lies in the fact that it is
easily made in the field or laboratory, and when the normal specific gravity of
the cement is known, any considerable variation in quality due to underburning
or the addition of foreign materials may be detceted.

Fineness.—Only the extremely fine powder of cement called flour possesses
appreciable cementing qualities and the coarser particles are practically inert.
No sieve is fine enough to determine the flour in a cement, nor is there any
other means of accurately and practically measuring the flour. Some cements
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" grind easier tham others; thus, although a larger percentage of one cement may

pass the 200-mesh sieve than another, the former may have a smaller percentage
of actual flour due to the difference in the hardness and the character of the

clinker and the method used in grinding. Thus the cementing value of different
cements can not be compared directly upon their apparent fineness through a
200-mesh sieve. With cement from the same mill, with similar clinker and
grinding machinery, however; it is probable that the greater the percentage
which passes the 200:mesh sieve the greater the percentage of flour im that
particular cement. .

Normal consistency.—The quantity of water used in making the paste from
which the pats for soundmess, tests of setting, and the briquets are made is
very important and may vitally affect the results obtainsd. The determination
consists in measuring the quantity of water required to brmg a cement to a
certain state of plasticity. .

In determining the normal consistency by the ball method, after mixing the
paste it should be formed into a ball with as little working as possible and a
new batch of cement should be mixed for each trial paste. - In order to obtain
just the requisite quantity of paste .to form a ball 2 inches in diameter, a
measure made from a pipe with a 2-inch inside diameter cut 134 inches long
would be found convenient. The Section of pipe should be open at both ends,
so that it can be pushed down into the paste on the mixing table and the
excess paste cut off with a trowel. The appearance of the ball, using the
correct percentage of water for mormal consistency as compared with a less
and" greater quantity of water, is [illustrated in the Biireau of Standards
circular]. ’

’ Miging =—The homogene1ty of the cement paste is depemdent upon the
thoroughness of the mixing, and this may.have considerablé influence upon the
time of setting and the étrength of the brlquets

Soundness —The purpose of this test is to detect those qualities in a cement
which tend to destroy the strength and durability. TUnsoundness is usually

manifested by a change in volume, which causes dra,ckmg, swelling, or disin-
tegration.” If thé pat is not properly made, or if it is piaced where it will be

subject to any drying during the first 24 hours, it may develop what are known
a8 shrinkage wcracks, which are not an indication of unsoundméss and should
not be confused with disintegration eracks. * * * No shrinkage rracks
should develop after the first 24 or 28 hours. The failure of the pats to remain
on the glass nor the eracking of the glass to which the pat is attached does not
necessarily indicate unsoundness. In molding the pats the ecement paste should
first be flattened on the glass and the pat formed by drawing the trowel from
the outer edge toward the center. * * *

Time of setting—The purpose of thig test is to determine the time which
elapses from the moment water is added until the paste ceases to be plastic and
the time required for it to obtain a certain degree of harduess. The determina-
tion of the ‘‘initial set,’’ or when plasticity cedses, is the more important, as
a disturbance of the material after this time may cause a loss of strength,
and thus it is important that the mixing and molding ov the incorporating of

the material into the work be accomplished within thig time. The time of
setting is usually determined upon one of the pats whiceh is to be used for the
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soundness test, the top surface being flattened somewhas. In using
the .Gillmore needles care should be taken to apply the needles in a vertical
position and perpendicular to the surface of the pat. An arrangment [has
been perfected] for mounting the Gillmore needles so that they are always
perpendicular to the surface of the pat. The rate of setting and hardenirg
may be materially affected by slight changes in temperature. The percentage
of water used in gaging and the humidity of the moist closet in which the
test pieces are stored may also affect the setting somewhat.

Tensile tests—Consistent resulis can only be obtained by exercising great
care in molding and testing the briquets. The correct method of filling the
mold [is illustrated in the circular]. In testing, the sides of the briquet and
the elips should be thoroughly cleaned and free from grains of sand or dirt,
whieh would prevent a good bearing, and the briquet should be carefully
centered in the clips so as to avoid cross strains. If may be considered good
laboratory practice if the individual briquets of any set do not show a greater
variation from the mean value than 8 per cent. for sand mixtures and 12 per
cent. for neat mixtures.
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